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tee LNT RODUCTION 


The behavior of simple structures subject to large 
dynamic loads has received much attention in the past two 
decades. In general, the focus of attention has been on flat 
beams and circular plates. Some of the important theoretical 
- Gevelopments in this area have been made by Symonds and 
Mentel {1] | for clamped beams; Bodner and Symonds [2] for 
cantilever beams; and Jones [3] for circular plates. Paral- 
leling the theoretical work, experimentation has been conducted 
by Humphreys [4]; Florence and Firth [5] and Jones [6]. 

As yet. little work, either theoretical or experimental, 
has been accomplished for the rectangular plate. Inasmuch as 
the rectangular plate is an important component of any ship 
hull, a better understanding of the action of a plate under a 
dynamic load could lead to improvements in ship design. 

Due to the time available, a complete study of plate 
configurations and materials was infeasible. Consequently, 
the parameters of the tests were limited to allow a fairly 
extensive study for the material, boundary conditions, and 
aspect ratio chosen. The test variables were plate loading 
and plate thickness. 

The results of the experimentation should provide some 


insight into the dynamic behavior of rectangular pletes. Of 


EEO Bae © 


1. 
Numbers in brackets designate References listed at the end 
of the paper. 
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value also is the comparison with beam theory and beam test 
results which show the proximity of beam and plate behavior 


under similar conditions. 
TI. EXPERIMENTAL ARRANGEMENT 


A ballistic pendulum, as shown in Figure 1, served to 
measure the impulsive loading of the plates. The pendulum was 
constructed from a two foot piece of steel I-beam with a one- 
| half inch steel plate welded on one end. The clamp or head 
which held the specimen was then bolted to the plate. On the 
other end of the I-beam was a lead balance weight and a ter~ 
minal block. The terminal block held a .005 inch diameter 
tungsten wire and capillary wires which connected the pen 
(tungsten wire) to three 15 volt dry cell batteries. The pen 
barely touched the heat sensitive paper that was taped to the 
Sveel arc or track below the pendulum. The paper recorded the 
swing of the pendulum, 

The plate specimens, shown in Figure 2. were cut from 
three thicknesses of hot, rolled» mild steel plate. The prop- 
erties and composition of the steel are given in the Appendices. 
The samples were then milled to parallel the sides at three 
inches wide. The next step was to grind the specimens to an 
even thickness which removed the surface scale. Lastly. the 
plate surface was smoothed with very fine emery paper. 

To protect the specimens from spalling, one-eight inch 
neoprene was used at first. The neoprene was satisfactory; how- 


ever, tne explosive was so powerful that a good range of 
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deflections could not be attained with the thinner plates. 
Using one-half inch sponge rubber (hereafter referred to as 
foam) resulted in less impulse on the plate for the same 
thickness of explosive. It should be noted that Florence 

and Firth [5Jused neoprene while Humphreys [4] used foam for 
the same type of experiments. Other than a difference in 
impulse there was no noticeable effect on the results from 
using the different materials. 

The impulsive loads on the specimens were provided by 
Dupont Detasheet D. which is a flexible explosive. It was 
purchased in .010 and .015 inch thick sheets. After both the 
explosive and foam were cut to the same size as the plate being 
tested, the foam was coated with a layer of electrical tape. 
The foam was then glued to the plate, and the explosive was 
glued to the foam using rubber cement. Other than a slight 
softening of the detasheet there seemed to be no additional 
effect from the glue. 

Actuating the explosive on the plate was achieved with 
a Dupont #6 electric blasting cap and a 12 to 20 inch long, 
one-eighth inch wide detasheet leader. Pressing the end of 
the leader into the explosive on tne plate with a finger 
proved to be the best method of attaching the leader. Tests 
were conducted which determined that the explosive force of 
the detonator had no apparent efféct on the pendulum. The 
tests simulated a normal experiment without the explosive on 
the plate. The end of the leader was held to the plate with 


a piece of tape. There was no effect as long as a metal 
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shield was placed between the detonator and pendulum and the 
leader was pulled tight. Thus,» it led directly away from the 
specimen. Figure 3 shows the detonator and leader arrangement. 

The leader arrangement was changed twice during the 
course of the experiment attempting to find the best way to 
achieve instantaneous uniform loading of the plate. In the 
first trial, a single leader was attached to the middle of the 
plate at one edge. After the samples showed deflections in 
which one side was higher than the other, a leader with three 
fingers on the end was tested. With this method, the equal 
length fingers at the end of the leader were attached across 
the plate centerline, at each side and in the middle. In this 
situation the thin specimens exhibited ripple-like deflections 
(Figure 16), 

The remainder and greatest portion of the tests were 
completed using a single leader attached at the exact center 
of the plate. It was interesting vo note that non-symmetric 
and ripple-like deflections were still produced even when the 
center leader was employed. 

Achieving the proper boundary conditions was most diffi- 
cult in that the samples slipped in the clamps. To prevent 
this occurrence during large deflections, it was necessary to 
cut teeth in the clamps. The teeth were then case hardened. 
In addition, high strength bolts i.ere resorted to in order 
that a maximum amount of pressure could be applied to the 
clamps. These bolts were placed as closely together as prac- 


tical. Figure 3 is a sketch of the head with a specimen. 








Til. DISCUSSION OF RESULTS 


Table 1 contains a summary of plate properties, test 
results and test data. The final deflections of the plates 
Me a uinea virying shapes which seemed to be a function of plate 
thickness. Therefore, two representative specimens of each 
thickness were graphed in Figures 8 through 19. A look at 
the plots will show the salient features of the types of 
deflections produced. | 

_ Specimen 6 as shown in Figures 8 and 9 is one of the 
thick (.173 inch) samples. All of the thick samples had the 
same type of deflections across the centerline. That is, 
across the middle of the plate (X=0) the deflections were 
concave. Specimen 28, Figure 18, shows the same, whereas at 
Xe14 there is a convex portion near the centerline. Longi- 
tudinally the deflections were nearly symmetrical and there~ 
fore only one-half the line was plotted in Figures 9 and 19. 

The medium thickness plates (.0988 inch) begin to show 
the ripple effect mentioned earlier. In figures 10 through 
13 there appear to be waves in both the transverse and longi- 
tudinal directions. This is particularly evident in Specimen 
i2. This sample is also an example of the effect of using a 
side-attached leader, ern the previous specimens, the plate 
deflections were nearly symmetrical longitudinally. 

In the thinnest plates (,0642 inch), Figures 14 through 
17, the ripple effect is most apparent. And there appears to 
be a set pattern to the waves as the ratio W/T is increased. 


For instance, the small convex section in -the middle of the 
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X« 14 line of Specimen 6 is more noticeable in Specimen 7 and 
is fully developed in Specimen 14. Specimen 6 had a side- 
attached leader while 7 and 14 had center-attached leaders. 

Regardless of what type leader was used most specimens 
deflected with one edge higher than the other. In some cases, 
such as Specimen le, this effect was enhanced by attaching 
the leader at the side of the plate, It was therefore decided 
to use the maximum deflection along the longitudinal center- 
line of the plates for theoretical comparisons as well as for 
plotting the results. The reason for so doing was to insure 
that all the readings compared would be taken at the same 
location. It was also believed that the plate center would be 
less effected by non-uniform loading. 

Three graphs were plotted to evaluate the results. The 
first, Figure 4, is a comparison of non-dimensional deflection 
(Wo/t) with initial velocity. The graph shows an almost linear 
relationsnip between the variables for each plate thickness. 
Also, the slope of the line increases wlth decreasing thickness. 

In Figure 5 thickness is constant. The purpose of the 
graph is to show the effect of aspect ratio (hx) on the speci- 
men deflection for a given impulse per unit area. The results 
of the two square plates, the one inch and the two inch flat 
beams all plot along the same line as the rectangular plates. 

Since the beam tests were tuo few in number to produce 
conclusive results, the plate deflections were compared with 
beam theory and other experimental work in Figure 6. The 


plate results also fall close to the theoretical curves 
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developed for clamped beams by Jones [7] . In order to obtain 
the curves, the analysis had to be approximate and simpiaaiean 
Yet they appear to be good engineering predictions of the 
results obtained for rectangular plates. 

Other facts about the results are: (1) The deflections 
were not corrected for end rotation; the effect of which would 
be to increase the maximum deflection for positive angles and 

decrease the maximum deflection for negative angles. The error 
is considered small. (2) The end angles varied with plate 
thickness. The thinnest plate had positive rotations of about 
Mite. iinutes. The middle thickness rotated hardly at all. 
while the thinnest plate had negative rotations of about eight 
minutes. (3) Because rolled steel is sometimes stronger in 
one direction than another, the results were investigated to 
see if there was a difference between samples cut in different 
directions. There appeared to be none. 

Additional specimen data and sample calculations are 


peesenved in the Appendices. 
IV. CONCLUSIONS 


The following conclusions are for mild steel plates with 
two edges rigidly clamped and the other edges free: 


(1) Rigid-plastic beam theory of large deflection 
with consideration of rate effects can be used 
to predict the deflection of rectangular plates 
subject to dynamic loads. 


(2) The waves in the plates are not wholly the 
result of the leader attachment. 





) 


(4) 


Aspect ratio b/X has little effect on the 
maximum deflection of a plate for a given 
impuise per unit area. 


The non-symmetry of deflections in some plates 
could have been caused by non-homogeneous 
plaves OF non-uniform explosives. 
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TABLE 1 


Sese men | Tnicknese Vo jena us) ane 
No. (in) (in/sec) (lbs) 








1 Sys oo Os aoyel 
2 ~1729 ie26.74) 0.72437 
3 lie wieel >. 505 | Os eens 
dy 1729 | 1744.80 | 0.72388 
5 mine Ome LOO Ones? | 
6 -l727 | 1849.53 | 0.72305 
7 0988 2592.74 0.41685 
8 20988 | 1574.09 | 0.41351 
9 .0988 | 2952.95 | 0.41337 
10 jen Ome Oe oe6 
1 1348.73 | 0.41712 
12 ZOGG. 5 0.41670 
14 2679.50 0.26824 
NS Te56. 77 0.26926 
16 2460.96 | 0.26973 
19 1805.96 0.26824 
20 5142.00 0.256884 
23 IO AAS: O24e5e6 
as 622206 0.31248 
26 M642 O04 | 0.74974 
27 894.90 | 0.25507 
28 202e— 70 0.74201 
29 CiCieds ee 2552 
40 1427.99 |0.49712 
31 1267.03 | 0.26398 








eek. | Comes) 


mt SS een 
A: 1.54 =m | 34 1S Counter Poa 
ap 62.05 epe> abe IS Side Neo. 
3 eee 642 Gell 15 Center Neo. 
d; 2.06 9.03 31 20 Center Foam 
er 3.18 12.45 34 30 Side Neo. 
ol. 2.10 SSN bs, Bl 30 Center Foem 
ar 865.65 oe dy 20 Center Foai 
& SR AE 4,84 i IEG, aie Neo. 
9 TH cles) 9.1 O 29 ABA ETO < 
mon 605 OT Sep, 7 15 Center Foam 
a) 6-2. 87 4,19 4 10 center Foam 
12| 4.98 Osten d, Ws) Side Neo. 
| 10.65 So he, -10 LE, Center Foam 
om) 7.46 S68) -10 10 Center Foam 
Mo] 9/7 4,96 call 1O eis Neo. 
19 OnE Sip Crees: ~24 10 Center Foem 
20, 12.82 S652 -14 15 iiiveses Neo. 
fe) 1.015 Zilles 4 4 15 Center Foem 
e5 4.62 Zone O 16, Center Foam 
Ze) 1.66 S025 eal Zs Center Foan 
27 S85 er) 48 ils. Center Foam 
28 25S On 5 O4 30 Center Foam 
29 59 (es: eae 10 Center Foam 
ZG, Sal Beet eS Sil PO Center Foam 
Sd lin GSS Pile Al 20 Center roam 
4% OD 9.825 2S 15 Center Foam 











ABLE 1 (Cont.) 


ae 





Total | eG 

4) Remarks r\ a1 a Se ee XK 
a No Track Sale: 27976 ae 

2 1 29.4 emo 2-977 1.1227 
ib 24.67 81.2 2.976 1.1032 
4 50.86 B5n6 2 SAS 1.1859 
5 i 74.46 Wore 2.976 Psy 
6 3 SSN e5a8) 2.975 1.1996 
ia 13 374. 44 80.6 2.998 1.1478 
8 6.0 80.6 2.974 IOS 
9 zi 485.71 80.6 BeOS 1.1780 
10 78.51 80.6 2.999 1.0654 
11 101.32 80.6 3.000 EO Oye 
12 3 238.81 75.9 3.000 1.0968 
14 3 891.47 80. 4 2.959 1.0599 
Is 2 436.00 80.4 2.971 0.9939 
16 1 742.92 80.4 ASH 1.0433 
19 1 405.09 80.4 2.969 0.9793 
20 3 eee ee 80.4 2.971 1.0946 
23 18.08 (ec) 1.960 Tl OAs 
215) 257-37 80, 4 2.994 0.9872 
26 ho, 45 85.8 2.993 1.1783 
27 LB TG 74.0 1.024 1.0426 
28 % 65.91 SAIS 2.988 ieee (4 
29 9.83 Seri 5.000 Ong 4 
30 32.58 73.9 1.998 Lead 
31 25.36 3.8 1.055 1.1886 
33 1.6. 83 62.1 | p..036 1.0814 
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TABLE 1 ADDENDUM 


(1) Specimen number refers to the identification marked on 
eachmepecimen as it was cut. The original location of 
each specimen is plotted in Figures 26 through 28. 

(2) Plate weight is a measure of the mass of only that portion 
of the specimen that was subject to loading (i.e.. the part 
not in the clamps was not included). 


(3) Deflection: Wmax is the maximum deflection of the plate. 
We is the maximum deflection along the longitudinal center- 
Ihalleve 

(4) End Angle is a measure of the rotation of the clamped ends 
of the specimen after being released from the trad (in the 
same direction as the deflection is plus; away, minus). 

(5) Remarks Code: 

1. The specimen slipped slightly in the clamps, 
e. The detasheet used was perforated, 


3. The deflections of the specimen are graphed in 
figures 8 through 19. 


(6) A is a non-dimensional impulse parameter (see Figure 7). 


(7) @= ( a ra Me (Goeeqeree a) 





D 
(8) The length of all specimens was 5.OH46 inches. 
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FIGURE 7 


Legend for Figure 6 


The curves in figure 7 were plotted from reference {7.] 

(1) Simple Bending Theory, Figid-Perfectly Plastic 
Material 

(2) Lower Bound Prediction of Jones [7] for a beam with 
clamped supports and made from a rigid, perfectly 
plastic material 

(3) Lower Bound Prediction of Jones 17) for a beam with 
clamped supports and made from a rigid, strain rate 
sensitive material with A=/.148T 

(4) Upper Bound Prediction for the same conditions es (3) 

© Jones results ‘4= 31,7 Gs = 40,466 psi 

© Humphreys results 4= 47.7 O63 = 26,800 psi 

© 3" Plate results %= 51.1 Os = 33,800 psi 

Q 3" Plate results “%= 28.8 6s = 36,800 psi 

v Jones results bfe 45,75 gc 230,466 psi 
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APPENDIA C 


The density of the steel from which the specJmens were 
cut was determined by the water displacement method. The 
volume of the plate samples were calculated by observing Ut'.c 
amount of water that they displaced in a graduated beaker. The 
samples were then carefully weighed and the density was cal- 
culated. It was assumed that all the steel plates had the 
same density; consequently, the average of all the tests was 


used. Table 3 is a summary of the test results. 
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To determine the effect of friction and other losses on 
the swing of the ballistic pendulum, two series of tests were 
performed. In the first. and previous to any experimentation, 
the pendulum was allowed to swing through a number of cycles. 
The total loss: measured on heat sensitive paper, was dlvided 
by the number of cycles to obtain an average loss. The second 
series was taken at the end of the experiment with measure- 
menus Delng made for one cycle of the pendulum at various 
swing amplitudes. ‘The results of the tests are in Table 4. 
Figure 23 is a plot of loss versus amplitude. 

It is noteworthy that the losses are small --- the range 
being 0.6 percent to 1.6 percent of the half swing. In addi-~ 
tion, they may be considered an upper bound as the loss of 
Only one guarter of a cycle would be used to correct the plate 
test data. Since the heat sensitive paper can only be read to 
an accuracy of one tenth of a centimeter, no corrections were 


used, 








Half Swing 


(cm) 


Max 


509 
6.95 
Dae 
Geis 
9.0 
9.8 
4.9 
10.0 
Is 2s 
ae Se: 
14.75 
eae! 
18.45 
LSe7 
20.4 


Ab eae 


Min 


Bae 
Sao 
5205 
Seis 
sini 
OD 
4.75 
9.95 
I 
Iai 


14,675 


|! 
CO 
WN 
OR 


ae 
‘S 
ID 
—~] 
a 


Windese Loss Results 
Fe GOS en TT 


Cvetles 


PPP SE SY SP BP YP eo mR ow ow 


Loss/Cycle 


(cm) 


TOS 
eter as 
505 
© 06 


ne 


06 


565, 
205 
05 


sO (2 
05 


ks. 
TILES 
oe 


0.95 
1.3 

AES: 

iO 

ONES: 
0.62 
0.62 
0.5 

0.45 
0.74 
0.51 
Ono 
0.54 
0.74 
0.61 


0.47 











> 


TES TVET TTT TTT ETT TET TTT ETT TV TT] so 
TET a ae 
| Fee ee ae ea eee 
a a a a aera dicdesaiaatid esnineet ee 
ee mea MO oe 
Hal Ee aed dee -Ad eee Hire ve au ae tae Uae eae taee uae taml ew it Sa ee firs ait 








—_ + 
— 
— 

——s 
—s 
re 

To re 








‘4 
74> 
— 
+ 
: > 
a+ 
e+ + 




































“Ge 
1S = 1 rah 
: : sei Sel SEES Eecec dessin eeeteste ane a SHITE: gee cuedte delet main neat | etn 
3 Ee seeuenoas 50008 SE SEE SECs S6 SE CFEeS FOSNenaee. JGe68 Deed soloed seecd FSlEoSeeas CCM MSaa OSes CcemS oa Le eee saage 
fe =. 
estanecotatee ant Sd are ea seeoaane ead ane eaceee ant ted ianeeaaaseesiveat ottaaaees aaaseees raat ooea asm tga eeetaal etaeel eee Pea 
sranesna jaeae Seapanseassee Seuesescsnseeeanan Sonnue Saeeaeedestaseatostasesteatottatesseroes tatoveatevsnteateragt Geese Seseeccees booeoesess cougsecae 
sss euued puesu estan fenstoutegfeastcntte tens toate entostonetcstecttositasttatecstostt otras esstonsecsee’ costs cesttoste itnsisaand feeastt<stsasenesany foattatee! peer tpaattasteasenas 
Se SODos cases Suous Soces tones cauad somes tueus secccsever Saeescesus s¢sseuasas seesescaes sesudsssan esseessess sesessseus tases sense seswecuces sseecaceas fedul coaaseaeeaesene 
=. GED Lasecea HBSba ee 22D 80 SSERC CORSET SEBARE SHSRBECTRARA BEBSAESBASE COBBEREOSGS Lhd 720 BBVA POAC BABLA OOCAO SLED Besos BRDOOOUEER PPaSTSLSR9 seesauauae SULLEDRETCLASBALOO 
Se Senne PEae REDEN SHEET SEEES SETEE DEO EE FEE SR SE EEE BEDSETUECG LSDGE EERE: SSGERGuOS SAREE S>7 14 CESSGCGEAS Gubee Geena G56 -cEGn5 GEGeGUCEG 72558 sane Reneasnecs Sacalsesse cnaeascsesasscccaase 
Sa sSads fanea seses esses essed faccsasses ssaesseses fecseeaves ssesescsesccassceasese2addesed seuss seeeseuscecesue sesstseses sessessses ssessseceesseesseeeeSacesesaas sessaacesssescessses 
SEES Sse Srons sone’ Coss ones tnendanesontrastan feassonssadtosseost fosttos eed tesasestsoastesstoa tositasesintoattosd ssistostas ieaestanas sosseestontranisosts cosstontes eesateoests 
poues buses cuues Sous baues Suuus SSUGECeSEs foaus cours ures cuces cosus 652>0 cues azsue Secetccana sacs Coeza sasesbeSEd f2seeesee CSSSEESES CEEEH SSeee CESESSTSECEEESEEee3 CSEST TEESE ESSEEOSEES 
sees oused gases seats estessazy gous sess outovsoten teseasossesoore certeranatsusasseteatos ussstorssssttonseteisossstass inestosens inpotsoecatorectandt Heoetatone seriretatatiat 
ssassessreeses See ee ene ee ae esees cece s Sessa aeEy f2aEl PETES AETETEDES sestiteeed icea vend UaeettaEna caaniRLaglTaaeTitaie 
wp ee ae 
Sesateced sunve saree fared eres toad setae fosstsatnesstassatat fetztie gSfTsHRTSTHnESnEEEona rbetecattnnet cages secretes qgoeeatons teeesistas EDaiiEGOeEDsanae HRGSOGEEET CapEOTES/ 
eescoee eee tee fra aaad fasts eats asse ences eecennee nee eee eeeeeeeee aaa Ens aaza$ gta saéeessattzazis ear cetaznmeeneeee Seeeeeen cee tty ttesttege meee 
siisazstst soe cectacetiaa teas teat ta puiseeaesdeieritee Eee Soatodend faustovnosasstastas ecsosttastonttostt iteustest istnestenstesstasttens 
secsesseseeseegssessesee! snes SHEeps pati Bees id acta HHT SSHOHESUSSEE SESLHESsea ettessons teostentedsorsestort tpsstostes eatastent tasectestertestastey? 
suses sssseseata ozsssasay asatssansestasosegsosasasert onehes casa asezected stattatats asassusesasentosoga ossutozes srestoeats oven odes anentotedt staraforsspoerstotereseatoteett 
SEses Fes SG EEEA east abe] ESET PERE get Etaafaess0>rcc eff AHGE aaa fassPoneed oee#CSCe RH avEdfaawasoone eoeeCnoee Eee fntaaoee OPE SORES aast noe EoD 
:Jasasnees sonesenens seascasnea cos posed Suces secsencersc cod scene necceccrcs conec cure: Souceeaecueceeucesce 20d S00S8 BOSCO COCds GORRe ood CECERESEed ECCLCCS@EE CO SS ROREC Oeee ees eee 
7 coped ssnecosaueseueseens Sous seene Gene ecaus Suse eoend sugHsaesesGassssacen sseGesHs0s FeGcusuGnGelessnueus Secnsce0es SenccssGusSesseseues pnececesee snes CECE EEE CHEE CEE eee tt 
Jil asad BEaSG6T000 6008500008 DRSS0RS000 50505 Bue05 SECSEEROn SGUGTGOGG0 RUGUSSR GRR GeORRGRGGe ReGGGSSRRSeGGsGoeee Censdaeeas Beessuaseucunaesecee besasGuuee SecQnuaGs 19ennSGSEeRESESESEGESE ae 
)yocd eed 0sce say Uaeee FESEG PrESG TENET DGSESESaESEREEGesaRG sr es ore meee boven ues eaecas nurs Snates cures eee bees ae rato bee Sones Sosa See oe neaeeaaSaE crass somes s 
BEssziea essuoasag Sout estastoct assecttoatazse reas soseecteoarsatsouseostassosseossontcasteatoassareeaseas oneeoseos osstontostoctecusec cosseeseetetodtoges cgtecttoaztostosteoe pustscsst tees 
 « VL EESBa Saueu sumed a @ DOCOACERESD COGBSSG0R00 CEDNOCOODO RRO DOU) BBE BDOORRO DOMES ESO00 BEBO C BRO DCE COGS DBORs GRO UDDOS BELO CORSE PAGO DSESAAOREE ABIL SBS OSD DRBPSCOOBOAROD HU AseesO OBESR128e0R 
gausecd Fess ssteg ousdcsecg feet ctteg fosteasecd aatcatond tateestant eat eztassasteattost atostesttattoatoctt infos outs iToutectea tosttostostant sate tesseates (bees tases optosteost oneerstnaieasess 
proceed Sbeee SESE bueed Saeed COSSSEEESS SESES CESSES SAEEEERES2 faaecceess sesns acess reese Peete ceseseaees sctecctens sees leues seceececes ton=d soces cocesecces Rte ESEES Sscessanss 
EoEea ou¥s seed Suzy tazsOWT0uHESDH Curd cusctroed eect onseustoct Coast eaiitcstas ecsieoste tttosseoniscsttostos tosttoste iteaszocsd osttostes Tocitosit iastenstes Sead sani ad osiatsfsuessnesitvast 
sec caensanses neues COoSsRCGGn (OSG 50005 COGSRESENG GOES CEGORS CSSEEEG000 5500000000 0000055000 005000000 5500050006 505c05o000 csn8 pages toacsccces teccsccenscconcccecc oscu cece: secceuucces SmEGes Beco 
Sogua sued sseva ast setes fazed ieeattaste test astatvautanteatesttostaatecdd cites earecstastesttotect taste stant astestost aatastoesd intau est antes ent ontosteus’ intessiatentecttond abst atteataastavess 
zSnzsesEsces sonst cnttoszens eessevstettesttnsd rssseatees eastessstasteattons soattostes eesteasseastenstent osstonses tosttostd sartcsrecatosssecsesntesseoes faces oetteaesesstenstenad esd setea ease 
Specs aseed boscd sees saesescece lecceenssacssessnes sea suees pass Saeed Geese uens Feene Genes Feesenuenssaneeensus sesussuses suass sees lueueccses Serre sence Serbs ssees sususscces Seese sees lenee bones ceees Shoes 
es esessEtustuseaaseauses neesoused ants osest aztetontstoststossstsnsttsasts rossi tasas fonds tacts fessiteasd eossstost ecsssonad eossstend teecastocssetocantee ante cage outstonesstesseteoes seems saece 
sae Sufaytesstertiss Secesussususeases sanseesaes seassancescasersessssescs sesce sascsseees sececcuaed sesecsssesceessssses seast neces secceceeas seseeceset seessseeee stCHi eeticaes 
ips based send saass soeestsncs conssceces cose seced soSesccees Essceseaes sensenesas ebss sdcesseess asses daaseseses tnees esses sesssensessessessaes susssassessesesssess pebeett ota 
gSb5s cease Senssessestecssscead sessesaess seasesseedsscsecnsnscetescsseessses scene svasssnces seecs canes sacesscses sedacssess seed suues ssese ences seusesuscsresnsceues ssaeeczae! sfasessessabssssess soars 
ae gaesperenasses Egoepsao7 Sess Feces seeuesessasecus sued senscsuseescGes Gules seaseseseutsscessese 50 55cre0n00s000 05008 IsGecseese sees sence sunneseacsseeueGeseeseeessensescceesessss Pseac awe hse 
Lt G00 D8N0S SCC 0CTED SOBDLRSGO RE CHOSE TUOES SORTS SDORI CHUAN SAG GS SAOSC DONS VERN U DARED LODO GEOHS DASA OCOES CUBR BRO SABO OUSHS DOOSD REDE DOORS A OURE BACN 1UBRC HU UOBSS BRSRE BSSCRRReS2 ae HEGRDRERL IC AGS 
r BaSta BSS FPSAPClD CUCESHEVRSU SR POC CUTS SO USH SUCH OVF PAS TIST PROSE DPSS DAUR SALE POSES 89900 COSRO0OUS SOUOROBDNG GQG00 DOUCHE GSODSC ERGs SLCSS CABS SHH sA@ UCU DSEROOSRSsaeaGlS Salas GE S@SSE BERR CEAD 
seeseteset succcssssesssssree EessH RAGE aststssstaitasttasitasticststosteesteos eeasttost fosstecsstosteattes ieeaastout sass tonite nieosteos rossecss ecsstosis asst oosetonstestees sane? onter tates tage 
Eases sScustacctsocssossdostos:eatcossenseansensesteosteotccteontesstattessesdt ittesttossocseostossscsteosecs fosstostosonteoseostonstoatenecasseeeeiefestecsscsetstsons sonst csnsesnentsoantaasassnats 
Ceeeeee eee ee eee eee eee eee eee eee eee ee eee eee eee eee eed scans cesescecea scene eases taassceces soesseceessccecccees feast sesce cases sas 
Suiestsaad see fastcnigact ast sntaareastcatsesstea asttastaa teasteoeetateessecssoattcaseas ecttasteottasttossd intesteoat oseee atest oettosses eosttosstsnstasteos east soeteoetossg eas tpestaaeetateeatonss 
BESET 8 








APPENDIX E 


rw cee epee ae ee ee 


Moeprovade some information on strain rate and strain 
history of the specimens, six strain gages were placed at the 
centers of several plates. These gages consisted of four 
B.L.H.» SR-4. Type PA-3 wire gages and two Budd Metalfilm 
Type HE-lll gages. Both types are designed for high elonga- 
| tion dynamic use. The gages were attached with B.L.H.; 

SR-4 Post Yield cement. 

' On the whole, the results of the tests were disappoint-~ 
mig@eine Lirst failure occurred when the gage leads broke at 
mie soldered connection as a result of inertia forces. This 
problem was corrected by securing the leads to the back of the 
plates with electrical tape. 

A second problem developed in triggering the oscilloscope 
fitted wivh a polaroid camera which was used to record the gage 
reading. The detonator firing voltage could not be used because 
there was approximately a forty microsecond delay between the 
firing signal and the plate deflection. To actuate the oscillo- 
scope at the proper time a fane wire connected to a battery and 
the oscilloscope was taped to the explosive leader. The expio- 
sion severed the wire, triggering the camera and oscilloscope. 

Ancther problem encountered was that the blast wave 
would cut the strain gage leads if they were placed too near 
the edge cf the specimen, Shielded wire was used to overcome 


piemcrtricuity. it was also found helpful to tape the wire 











the head away from the blast wave. 


Table 5 summarizes the above test results. 
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APPENDIX F 
PecOme aoc Ceili emer CULL 


A detailed schematic of the firing circuit is presented 
in three parts. Figure 24 is the portable remote panel which 
is connected by two cables to a panel on the blast chamber 
wall (Figure 25). Also connected to the wall panel is the 
chamber door interlock and warning circuit (Figure 26). 

Milena ck vnc credit for this circuit is due Mr. Fred 
Merlis who turned a rough sketch into the working hardware 


and detailed drawings. 
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APPENDIX H 


Initial Velocity Calculation 


Saree iaanmath aeermaneeeuemam a: 


The maximum potential energy attained by the pendulum 
during a test can be calculated knowing the pendulum swing. 
By equating the maximum potential energy to the maximum kinetic 
energy» the velocity of the pendulum at the center of the swing 
can be calculated. A momentum balance between the plate speci-~ 
men and the pendulum will yield the initial velocity of the 
plate. The initial velocity of the plate is a direct measure 
of the impulse or energy imparted to the plate by the explosive. 

The equation used to calculate the initial velocity was 


taken from page 19 of reference [8] . 


ye ved (wD? + WeLl®) DC cos ©) W 


Ws L. 
\/ = Total weight of the pendulum and specimen. 
Dp = Distance from the pivot to the center of 


gravity of the pendulun., 

VWe= Specimen weight (not including the part in 
the clamps). 

| = Distance from the pivot to the center of 
Bravivy of the plate. 

© = The angle through which the pendulum swings. 

G = Acceleleration due to gravity. 


sample Calculation Specimen @ 


Wes Pe Xe Lptt = .2789 (2.977) (5.046) (.1729) 
efet- ibs. 


$3 


Ss) 
R radius = {0-2 degress 


: 380 fiep25) = 3.23 degrecs 
Meet! 


9 





“HO 


cose = .9984 ew 12050 in bee beose a0 
Wy =e On Ibs 


_ fe. 
ve = 264d T65c202? « les26.et5 (128.2)1.0015)(76.5) 
’ ial Pew: y 
Woe nbs lo” 
{Ove 


Y= 1275 sec 
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